U.S. national healthcare expenditures (NHE) increased from under 28 billion dollars in 1960 to over 1.35 trillion dollars in 2000. This enormous growth threatens the sustainability of the provision of healthcare. By definition, in any year, current NHE must equal population times consumer price index (CPI) times per capita CPI-adjusted constant dollar healthcare expenditures. Linear relationships were observed over time with total population (r 2 > 0.99), with CPI (r 2 > 0.96), and with per capita CPI-adjusted dollar healthcare expenditures (r 2 > 0.98). The finding that those three factors were well described by linear equations suggests that NHE growth should display cubic dynamics over time. NHE from 1960 through 2000 did display cubic growth dynamics (r 2 > 0.99). Moreover, actual NHE from 1960 through official U.S. government NHE projections in 2019 also displayed cubic growth dynamics (r 2 > 0.99). This model explains why U.S. NHE has displayed cubic growth dynamics and suggests that U.S. NHE will continue to display cubic growth dynamics as long as increases in population, CPI, and per capita CPI-adjusted constant dollar healthcare expenditures continue to increase reasonably linearly over time.
Introduction
Rising national healthcare expenditures (NHE) are consistently in the U.S. national political and economic spotlight [1] [2] [3] [4] . NHE increased nearly 50-fold in the U.S. between 1960 and 2000, from under 28 billion dollars to over 1.35 trillion dollars per year ( Table 1) . This enormous growth in NHE threatens the sustainability of healthcare for many Americans since employers cannot afford the large ongoing increases in healthcare insurance premiums for their employees, healthcare insurance companies continuously seek to control their risk by excluding high risk patients and restricting covered benefits, governments cannot afford to provide unlimited benefits for its citizens by shifting the costs to future taxpayers, and very few individuals can afford to pay for their own healthcare should a significant injury or illness occur. This enormous growth in healthcare expenditures seriously undermines the sustainability of national discretionary spending. A June 2010 Congressional Budget Office report stated, "Because health care costs will account for a significant share of the federal budget under current law, and the growth of those costs is a major contributor to the long-term fiscal pressures facing the country, policy options to restrain the growth of federal spending on health care will continue to attract considerable interest." (http://www.cbo.gov/ftpdocs/115xx/doc 11579/06-30-LTBO.pdf).
Despite the impact and importance of rising NHE, very little regarding the dynamics of this enormously increasing and very important sector of the U.S. economy has been described [5] . By definition, in any given year, current NHE must equal population times consumer price index (CPI) times per capita CPI-adjusted constant dollar healthcare expenditures. Trends in these three factors must, therefore, influence total NHE. Trends in population, consumer price index, and per capita CPI-adjusted healthcare expenditures were explored to determine if they might suggest or reveal a model explaining the underlying growth dynamics of U.S. NHE.
Method & Model

Data Sources
Three public and readily available sources of data for the years 1960 through 2000 were used in this analysis. Official estimates of the total U.S. population for those years ( Figure 1 illustrates the relationship between total U.S. population and year. As shown, there is a strong linear relationship between total U.S. population and year. Linear regression between total population and year yielded the following equation:
Model
where POP x is the total U.S. population in year X, and X is the year, which varied from 0 for year 1960 to 40 for year 2000. The r 2 value for this linear regression was > 0.99. Thus, the total U.S. population increased by approximately 2293408 individuals per year between the years 1960 and 2000. The least-squares estimate of the parameters in the regression equation:
is therefore, a is 2293408.2, and A is 181774463. Figure 2 illustrates the relationship between CPI and year. As shown, there is a reasonably linear relationship between CPI and year. The linear regression between CPI and year yielded the following equation:
where CPI x is the consumer price index in year X, and X CPI-adjusted healthcare expenditures increased by approximately $60.18 per year between the years 1960 and 2000. Since the numbers in Equation (5) are constants, the following equation can be used:
where c is 60.181652, and C is 335.2974. For any given year, the following relationship is valid:
where NHE x is national healthcare expenditures in current dollars in year X, POP x is the total U.S. population in year X, CPI x is the consumer price index in year X, and PCNHE x is the per capita CPI-adjusted healthcare expenditures in year X. Substituting the linear regression derived equations for POP x , CPI x , and PCNHE x into Equation (7) yields:
Multiplying out the terms in Equation (8) yields the following equation:
Equation (9) suggests that NHE should be described by a cubic function over time as long as POP, CPI, and PCNHE are reasonably described by linear equations. Accordingly, a cubic polynomial fit of national healthcare expenditures ( Figure 5 . A cubic polynomial fit of national healthcare expenditures over that time period was performed. That analysis demonstrated that actual and projected NHE between 1960 and 2019 also conformed to a cubic function, and the r 2 value of that fit was >0.99.
Discussion
A model of NHE based on the fact that in any year, current NHE must equal population times CPI times per capita CPI-adjusted constant dollar healthcare expenditures (Equation 7) was developed and analyzed. Equation 7 is a truism; that is, Equation 7 can be algebraically simplified to state that for any given year, NHE must equal NHE. However, the point of this model was to separate NHE into three distinct components; population, CPI, and per capita CPI-adjusted constant dollar healthcare expenditures. There is no a priori reason why each of these three components should increase linearly over time as was demonstrated in this analysis. Since population, CPI, and per capita CPI-adjusted constant dollar healthcare expenditures did increase reasonably linearly over time between 1960 and 2000, this model suggested that NHE growth should display cubic growth dynamics. Indeed, NHE growth did display cubic dynamics from 1960 to 2000. Moreover, actual and projected NHE growth from 1960 to 2019 also displayed cubic dynamics. This analysis also suggests that future U.S. NHE growth will remain cubic as long as increases in population, CPI, and per capita CPI-adjusted constant dollar healthcare expenditures remain reasonably linear over time. Cubic growth is important to distinguish from exponential growth.
Although explaining the cubic growth of U.S. NHE, this model does not accurately predict future NHE. We performed multiple analyses to determine whether knowing that NHE increases cubically over time would allow accurate prediction of future NHE. For example, determining the cubic equation that best fit NHE's from 1960 to 1980 does not allow an accurate prediction of NHE in 1990. The reason for this failure to accurately predict is that each new data point of population, CPI, and per capita CPI-adjusted constant dollar healthcare expenditures does alter the corresponding linear equation slightly. The slightly altered linear equations will still accommodate all prior data points and produce a wellfitted cubic function describing their product of previous years' NHE. However, when the three slightly altered linear equations are multiplied together, their product will not accurately predict future NHE due to the compounding of errors. This dichotomy of hypotheses or models, those that accommodate and explain past data while failing to predict future data, is well-recognized in science [6] [7] [8] [9] [10] . A classic example of this dichotomy is Darwin's theory of evolution by natural selection. Darwin's theory explains the appearance and extinction of past species, but can not predict the future course of evolution [8] . Although unable to predict future NHE, appreciation of the cubic dynamics describing NHE may provide healthcare policy makers an improved framework upon which to assess and monitor the impact of healthcare policy changes.
Orszag and Ellis [11] suggested that "our country's financial health will in fact be determined by the growth rate of per capita health care costs." In this model of U.S. NHE growth used to predict cubic dynamics, one might assume that population growth and CPI growth were relatively outside the influence of the U.S. healthcare system. The remaining factor, constant dollar per capita healthcare expenses, is consistent with the assertion made by Orszag and Ellis [11] . While inflation adjusted total per capita healthcare expenses have increased over time [12] , some public sector (Medicare) per capita healthcare expenses have been claimed to have actually declined [13] . Nevertheless, the impact of escalating health care spending on the U.S. economy will continue to be debated [14] [15] [16] .
Conclusions
Rising healthcare costs impacts all sectors of the U.S. economy and is eroding the sustainability of U.S federal discretionary spending. Indeed, increasing healthcare costs are not exclusively a U.S. economic problem; escalating healthcare costs are a global problem. While this analysis does not attempt to show how to decrease the rate of healthcare cost growth, it does suggest that inflation-adjusted per capita healthcare costs is perhaps the best measure to track and monitor NHE growth. Moreover, this analysis suggests that healthcare policy changes that merely shift the cost of healthcare expenses will have little impact on NHE growth.
